Recently, the use of traditional medicines for medical treatment and maintaining good health is increasing. This condition has been followed by the increasing number of research activities, publications and databases of crude drug systems to support the scientific aspects of traditional medicines. Nevertheless, the information about traditional medicines is scattered in an unorganized manner and the existing traditional medicine databases have been stored by different database schemas. Therefore, a standardized tool that integrates and provides information about various herbal medicines is needed. In this study, we developed a mobile application with Waterfall Method, called as Herbal Medicine Systems, for various kinds of crude drug systems as a reference of traditional medicines. The KNApSAcK Family Databases were used as a role model to design the database schemas of crude drug systems by using data warehouse pre-processing technique. The Herbal Medicine Systems application is preloaded with 336 and 5,310 Kampo and Jamu formulas respectively from the KNApSAcK Kampo and KNApSAcK Jamu databases. In addition, the Herbal Medicine Systems can predict the efficacy of crude drug combinations by using Random Forest classifier developed based on the formulation of Indonesian Jamu with the average accuracy of 90%.
Introduction
The number of medicinal plants is estimated to be 40,000 to 70,000 around the world [1] . Many countries utilize these plants as blended herbal medicines for treatment of diseases or maintaining people in a good health [2, 3] , e.g., traditional Chinese medicine (TCM), Japanese Kampo medicine, Indonesian Jamu, and Ayurveda, Siddha and Unani in the South Asia. In the last decade, globally there has been an increasing trend in the use of herbal medicines. According to the Secretariat of the Convention on Biological Diversity, global sales of total herbal products were estimated to reach US$ 60,000 million in 2000 (WHO 2003) . It shows that many people in the world moving towards using herbal products in their daily life. Nevertheless, the availability of information about traditional medicines is scattered in an unorganized manner. It makes difficult for the consumers to obtain and explore supporting information about herbal medicines.
Furthermore, this trend has been followed by the increasing number of research activities, publications and development of databases of crude drug systems to support the scientific aspects of traditional medicines. Many researchers have systemized the formulations and developed basic scientific principles of herbal medicines, i.e. Kampo [4, 5] , Jamu [6] [7] [8] , TCM [9, 10] , Ayurveda [11, 12] , etc. In accordance with their findings, they need a tool to disseminate their research results so that it can be utilized by public. Moreover, the existing traditional medicine databases have been recorded by different database schemas making it difficult to integrate and to manage the data from various crude drug systems. Therefore, a standardized tool that integrates and provides information about various herbal medicines is needed. In order to obtain high quality software products, a proper software development process is required [13] [14] [15] . One of software engineering methods is the Waterfall method, which is widely used and well known with many advantages, i.e. this method is suitable for application development where the requirements are well defined [16, 17] .
The KNApSAcK Family Databases have been developed to systematize the crude drug systems by providing information about species-metabolite relations and the medicinal usage of plants based on traditional and modern knowledge [18] . The KNApSAcK Kampo and KNApSAcK Jamu are members of KNApSAcK Family Databases that comprehensively explain about Japanese Kampo and Indonesian Jamu medicines. These databases present information about selected herbal ingredients, omics information of plants and humans, and physiological activities in humans.
In Indonesia, a Jamu medicine is made by mixture of several plants. The combination of plants used as Jamu ingredients determines the efficacy of a Jamu formula. Therefore, it may be useful to model the ingredients of Jamu and use this model to predict the efficacy of Jamu formulas. Random Forest (RF), an ensemble method that consists of many decision trees, can be used to generate the efficacy prediction model. RF builds the decision trees using a bootstrap sample of the data, and at each split the candidate set of variables is a random subset of the variables. RF has many advantages and also outperforms other classification methods, i.e. k-Nearest Neighbor (KNN) and Support Vector Machines (SVM) [19, 20] .
This study is intended to develop an application with Waterfall Method for exploring various herbal medicines using Android platform. Android has been chosen because this platform has led the market share in mobile application downloads since 2011 [21] . In addition, it is hard to find herbal medicine applications in their store, especially Japanese Kampo and Indonesian Jamu. RF has been chosen as a classifier in order to generate the model for efficacy prediction of a combination of crude drugs.
Methods
We developed a mobile application, called Herbal Medicine Systems (HMS), for exploring various kinds of crude drug systems and for disseminating research findings. The Waterfall method was used as a guideline to develop the HMS application and Random Forest classifier was used to generate the model for efficacy prediction of crude drug combinations based on the formulation of Indonesian Jamu.
a. Development of Herbal Medicine Systems
The development of HMS with the Waterfall method mainly consists of five phases as follows: requirements definition, system and software design, implementation and unit testing, integration and system testing, and operation and maintenance ( Fig. 1) [13] . The Unified Modeling Language (UML) ver. 2.0 was used in the early stages of the Waterfall Model as a modeling language [22] . In the implementation phase, Android Studio [23, 24] and SQLiteStudio [25] were used to develop the mobile application and to develop the database of crude drug systems respectively. For testing, we applied Black-box testing to examine the functionality of HMS application. Then, the resulted application was deposited at Google Play Store as freely downloadable. Fig. 2 shows a schematic illustration of HMS development. The KNApSAcK Family Databases allow free use and share of data. KNApSAcK Kampo and KNApSAcK Jamu, was utilized to design the database schemas as a role model of crude drug systems by using data warehouse pre-processing technique [26] . Data warehousing combines the data from multiple databases into HMS database. All data from various databases that we intended to integrate were extracted, cleaned, transformed, loaded, and refreshed. A data warehouse pulls all the data from the various data sources, converts all the data into a common format so that one set of data is compatible with another, and loads this new data into HMS database.
b. Random Forest classifier
Random Forest algorithm mainly includes four steps as follows: bootstrap resampling, random feature selection, full depth decision tree growing, and out-of-bag (OOB) error estimation [27, 28] . Given a set of N binary labeled training samples {x i , y i }, i = 1 to N, where x i is a vector of predictor variables (features) and y i is the response variable (class label). A random forest is constructed by generating ntree decision trees from these samples. For each tree, the same number of N samples is randomly selected with replacement (bootstrap resampling) to form a new training set, and the samples not selected are called the OOB samples.
Using this new training set, a decision tree is grown to the largest extent possible without any pruning according to the classification and regression tree (CART) methodology [29] . For the split of each node, only a small number of mtry randomly selected features are considered (random feature selection). This algorithm estimates an OOB error in the process of constructing the forest. With the construction of a decision tree, each OOB sample is tested, and its OOB classification result is collected. Upon the completion of the construction of the entire forest, OOB classification results for each sample are used to determine a decision for this sample via a majority-voting rule. The fraction of decisions that disagree with the true class label is called as the OOB error.
Results and discussion
We followed the Waterfall method to develop the HMS application. Then, the efficacy prediction of crude drug combinations can be performed based on the classification algorithm of Random Forest.
a. Requirements definition
We expect that HMS becomes a major and popular application for exploring various crude drug medicines and most of the HMS features can be run offline using common database format. Initially, we defined and captured the functional requirements of HMS by examining KNApSAcK Kampo and KNApSAcK Jamu. Next, we modeled the interactions between user and HMS by utilizing use case diagram. Fig. 3 shows the use case diagram of HMS, which encompasses one actor and 13 use cases [22] . The HMS mainly consists of four features, i.e. find formulas/recipes based on their name or efficacy, find crude drugs based on their name or effect, analyze herbal medicines, and maintain the database of HMS. The user of HMS will input a query to The Waterfall Model (Sommerville 2010) obtain their expected information or interact with the application by touching the menu buttons. The analysis of herbal medicines menu covers comparison between herbal medicine formulas and efficacy prediction of a combination of Jamu ingredients. Furthermore, the HMS application can be used for modifying and cross-searching various kinds of crude drug systems.
b. System and software design
The database and application of HMS were designed by elaborating the functional requirements. Initially, the database structure was developed by implementing data warehouse pre-processing technique (Fig. 2) . We used Kampo and Jamu databases to design a common structure of database of Herbal Medicine Systems. Those databases were collected from the KNApSAcK Family databases (http://kanaya.naist.jp/KNApSAcK_Family/). Both Kampo and Jamu databases consist of four tables: gakumei (scientific name), haigo (combination), Kampo/Jamu, and syouyaku (raw drug). Each table is composed of various columns, where each column indicates an attribute. The attributes of every table in the Kampo database are as follows: gakumei (gname, sid), haigou (fid, kid, reference, sid_g), Kampo (kid, kname_j, kname, kname_k, effect), and syouyaku (sid, sname_j, sname_k, name, gname, effect, comment, reference). On the other hand, the attributes of every table in the Jamu database are as follows: gakumei (gname, sid), haigou (fid, jid, company, brand, sid_g), Jamu (jid, cname, jname, effect, effectgroup, jamusource) and syouyaku (sid, sname, iname, ename, gname, position, effect, comment, reference).
We analyzed and extracted important attributes from the Kampo and Jamu databases of the KNApSAcK database systems, related to aforementioned use case in the requirements definition step, i.e. we obtained all information related to finding crude drug use case in the syouyaku table of Kampo and Jamu databases. Furthermore, we designed the class diagram to develop the database of Herbal Medicine Systems [22] . Fig. 4 indicates the HMS domain model class diagram. The HMS class diagram consists of nine classes, i.e. type of herbal medicines (MedType), efficacy groups (DClass), list of herbal medicines (HerbsMed), Company, reference of used formulas (Refformula), Combination, list of crude drugs (CrudeDrug), Plant, and relationship between plant and crude drugs (Plant-Crude).
Kampo and Jamu formulas were considered as preloaded herbal medicines in the HMS application. Each Jamu has only one formula and one Kampo might consist of more than one formula. Between 336 Kampo formulas and 5,310 Jamu formulas from KNApSAcK Family Databases, only 234 Kampo and 3,027 Jamu have information related to their efficacies. In total, the data with efficacy information is composed by 1,023 (246 and 777, respectively) kind of crude drugs. We also transformed some attributes from Kampo and Jamu databases to maintain its consistency and to satisfy the second normal form [30] , e.g. split the data in the sid column of gakumei table into two or more rows. The rest of data warehouse pre-processing technique will be explained in the next sections.
Furthermore, we also designed the user interface of HMS application. The user interface of HMS is divided into three sections, i.e. header, body, and footer. In the header and body sections, it contains application title and main activities, i.e. input, output, or modify the data. In the footer section, there is a list of application features as follows: find herbal medicine formulas based on their name or efficacy ( ), find crude drugs based on their name or effect ( ), analyze (compare herbal medicine formulas and predict Jamu efficacy, ), maintain the database of HMS ( ), and the description of HMS ( ).
c. Implementation, integration and testing
We implemented database of HMS from domain class diagram (Fig. 4) by using SQLiteStudio 3.0.6. Each class in the Fig. 4 becomes a two-dimensional table, where columns represent attributes and rows represent objects. The HMS database is composed of nine tables with the attributes in each table are equal to attributes of HMS domain class diagram. After the implementation of HMS database, the selected data from Kampo and Jamu databases were loaded into HMS database. In addition, we translated Kampo efficacies from Japanese to English to accommodate bilingual transaction processing. The tools used to develop the HMS application were as follows: -Scripting language: Java and XML -Implementation tools: Android Studio Build #AI-141.2168647 Fig. 5 shows some of the implementation results of HMS. The unit testing was done by using Black-box testing. Initially, we defined testing scenarios and compared the expected result to the actual result. The HMS application was tested by using Android Virtual Device (with specification 4.7" 768x1280 pixels, OS Android Jelly Bean) and Sony Xperia M2 dual D2302 (OS Android KitKat). The HMS application worked perfectly when we did the unit testing activities i.e. installation, loading the application and database, searching the herbal medicines and crude drugs, analyzing (comparing the herbal medicine formulas and prediction of Jamu efficacy), and maintaining the HMS database. Based on the system testing results, we concluded that the HMS conforms to the requirement definitions. 
e. Prediction of Jamu efficacy using Random Forest
We implemented the efficacy prediction of mixing crude drugs by using R language. The prediction model was developed by R package named randomForest [31] and the user interface was developed by Shiny (http://shiny.rstudio.com/). The number of Jamu formulas used for generating the model is 3,012, which are classified into 14 efficacy groups as follows: blood and lymph diseases (E1), cancers (E2), the digestive system (E3), female-specific diseases (E4), the heart and blood vessels (E5), diseases of the immune system (E6), male-specific diseases (E7), muscle and bone (E8), the nervous system (E9), nutritional and metabolic diseases (E10), respiratory diseases (E11), skin and connective tissue (E12), the urinary system (E13), and mental and behavioral disorders (E14). Moreover, the number of plants used as Jamu ingredients for prediction purposes is 465. Two important parameters while generating the model of Random Forest classifier are mtry and ntree. The tuneRF function was used to determine the best mtry value with the lowest OOB error, which is equal to 42. In addition, the plots of OOB error and each efficacy group tend to be constant when the number of decision trees is larger than 500. Then, we set the ntree as 500. The classification result for each efficacy group is shown in Table 1 . On an average, the Random Forest classifier can obtain accuracy around 90%, with E3 class produce the largest accuracy. This feature might be useful for researchers to predict the efficacy of crude drug combinations for developing new drugs.
In the current version, the functionality of this feature is hosted in the server of Computational Systems Biology laboratory, NAIST. Initially, the HMS application will show the list of crude drugs. Then, user can select a combination of crude drugs, send a request to the server for efficacy prediction and can get the results back to his/her mobile phone. 
Conclusions
The Herbal Medicine Systems (HMS) is a mobile application that provides information about various herbal medicines for disease treatment and promotes the use of herbal medicine. It is preloaded with 336 and 5,310 Japanese Kampo and Indonesian Jamu formulas respectively, taken from the KNApSAcK Family Databases. The HMS application mainly consists of four features i.e. find formulas/recipes based on their name and efficacy, find crude drugs based on their name and effect, analyze (compare herbal medicine formulas and predict the efficacy of crude drug combinations based on the formulation of Indonesian Jamu), and maintain database of HMS. Furthermore, the user of HMS application can modify the existing traditional medicines by adding other traditional medicine systems or new formulas. The efficacy prediction of crude drug combinations was developed by Random Forest classifier with a very high average accuracy.
The black-box testing results show that the functionality of HMS application conforms all functional requirements. The Herbal Medicine Systems application has been released at Google Play store, which can be downloaded and used freely.
